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@ Radio eommunleation ayttem. 

@ A radio communication system comprise transmitting and 
receiving stations, a plurality of transmisston channels compns- 
ina reguter and spare channels linking the stations, and a channel 
nwntor for monitoring the status of the respective channels. 
When the respecfivo iransmisstan channels are in normal condi- 
flons. data signal is transmitled by making use of not on^ the 
regidar dwnnel but also the spare channel. On the other h^d. 
whenafffllufeofaiyoneofthe transmission channels is detected 

by ttie channel monilor. data signal subjed to band compression 
is transmitled via the non-failed channel The comrnunication 
system thus configured makes it possible to effectively utilize a 
spare channel foreffecOng high quality signal transmission, white 
maintaining the essential function of the spare diannel, thus 
providing an improved uUlization of transmission channel. 
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Radio Communication Systeni- 

5 Background of the Invention 

The present invention relates to a radio com- 
munication system, and more particularly to an improvement 
in effective utilization of a spare channel or protection 
channel widely employed in a radio relay system. 
10 In radio relay systems, there has been widely 

proposed the provision of a spare channel for the purpose 
of avoiding a channel break due to equipment failure or 
fading. A typical example of the communication system 
provided with the spare channel is shwon in Fig. 1. 
15 This communication system comprises a transmit- 

ting station 30, a receiving station 40, and a regular 
channel 11 and a spare channel 12 linking the stations 30 
and 40 in a parallel fashion wherein the signal is 
transmitted through the respective signal transmission 
20 channels 11 and 12 based on the radio relay system. The 
transmitting station 30 comprises an input terminal 1 for 
receiving an incoming signal, and a branch circuit 2 foe 
distributing the incoming signal to the respective 
channels 11 and 12. The receiving station 40 comprises a 
25 channel monitor 22 comprised of a logic circuit responsive 
to information f^ and t^^ indicative of the status of the 
respective channels 11 and 12 to produce a select command 
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for selecting a signal routing from the regular 
channel 11 or a signal routing from the spare channel 12, 
a selector 23 comprised of a switch circuit responsive to 
the select command f to select either of the signals 
5 routing from both the channels 11 and 12, and an output 

terminal 21 for delivering the signal thus selected signal. 

When the channel monitor 22 recognizes that the 
regular channel 11 is in a normal condition i.e. is not 
fialed, the selector 23 becomes operative to allow the 
10 signal routing through' the signal carrying channel 11 to 
be delivered from the output terminal 21. In this case, 
the spare channel 12 does not substantially contribute to 
the signal transmissi<Mi. On the other hand, when the 
channel monitor 22 recognizes that the regular channel 11 
15 is failed, the selector 23 becomes operative to allow the 
signal routing through the spare channel 12 to be deliver- 
ed from the output terminal 21. In such a dual channel 
system, transmission identical to that stated above can 
obviously be effected even if channels 11 and 12 are so 
20 reversed as to be a spare channel and a regular channel, 

respectively. 

As understood from the configuration shown in 
Pig. 1, the provision of the spare channel is advantageous 
from a viewpoint of improving reliability of the trans- 
25 mission channel. However, from a viewpoint of effective 
utilization of radio frequency, this system is not advan- 
tageous in that the spare channel does not substantially 
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contribute to transmission in the normal condition where 
the incoming signal is transmitted via the regular channel. 

Meanwhile^ in recent years r band compression 
techniques for effective transmission of digital signals 
5 have been remarkably developed. With the band compression 
technique, transmission speed is lowered to a value close 
to the critical lowermost limit speed necessary for assur- 
ing validity of a desired transmission quality. However, 
it is of course desirable to effect transmission having 
10 higher quality within a speed range which can be tolerated 
by the transmission channel. 

As previously stated, a spare channel based on 
the conventional radio relay system is substantially 
identical to an idle channel. Accordingly, in the case 
15 where both the regular channel and the spare channel are 
in normal conditions, the system normally has a transmis- 
sion capacity two times larger than that in case of only 
the regular channel. Namely, only when the regular 
channel is failed, the spare channel is utilized as a 
20 working channel. Conversely, when both the regular and 
spare channels are not failed, the spare channel becomes 
idle and is not utilized. This is a problem from a view- 
point of efficient utilization of transmission channel. 
Summary of the Invention 
25 In view of the above, an object of the present 

invention is to provide a radio communication system 
having an improved effective utilization of transmission 
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channel. 

Another object of the invention is to provide a 
radio communication system which has effectively improved 
utilization of transmission channel by making use of band 
5 compression techniques. 

A further object of the invention is to provide a 
radio conmunication system which can additionally utilize 
a spare channel in normal conditions for effecting a 
transmissictfi of high quality signal not subject to the 
10 band compression. 

Thus, when both a regular channel and a spare 
channel are not failed^ the system makes it possible to 
effect transmission by making use of not only the regular 
channel but also the spare channel while when the regular 
15 channel is failed, the system makes it possible to effect 
transmission by making use of the spare channel. 

According to the present invention, there is 
provided a radio communicat ion system comprising: a trans- 
mitting station for receiving an input digital signal and 
20 transmission thereof and a receiving station for receiving 
a transmitted signal and delivery thereof; first and 
second transmission channels for linking the transmitting 
and receiving stations; band compression means, provided 
at the transmitting station, for compressing by half the 
25 transmission speed of the digital signal; converter means, 
provided at the transmitting station, for converting the 
input digital signal into two digital signals being each 
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halyed ip transmission speed; and switching means respon- 
sive to status of the first and second transmission 
channels to effect switchover between a first transmission 
mode for transmission of the output of the band compres- 
5 sion means and a second transmission mode for transmission 
of the outputs of the converter means. 

According to an embodiment of the present in- 
vention, there is provided a radio communication system 
comprising: transmitting and receiving stations for a 
10 digital signal; an n number of signal transmission 

channels linking the stations (n is a positive integer 
equal to or more than two), the transmission channels 
being assigned to a1: least one regular channel and one 
spare channel; channel monitor means for monitoring 
15 whether at least one of the transmission channels is 
failed or not; first selector means provided at the 
receiving station and responsive to a first command from 
the channel monitor means to select digital signal routing 
via each of non-failed transmission channels; first means 
20 provided at the transmitting station to implement a band 
compression to the digital signal received in the trans- 
mitting station in a manner that its transmission speed is 
reduced to one q-th (2 ^ q <^ n) ; second means provided at the 
transmitting station to convert the received digital 
25 signal into the a number of digital signals each having 
one a-th of the transmission speed; second selector means 
provided at the transmitting station and responsive to a 
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second command from the channel monitor means to effect 
selective operaticxi for routing of the a number of digital 
signal from the second means to the respective transmis- 
sion channels or for routing of the band -compressed 
5 digital signal from the first means to 'the respective 
transmission channels; and third means provided at the 
receiving station to combine together tespective digital 
signals <^ich have routed via the transmission channels; 
whereby when the channel monitor means recognizes that any 
10 one of the transmission channels is not failed, it is 
operative to deliver the second command to the second 
selector means to make the g: number of digital signals 
route to the transmission channels, thereby to combine 
together the g. number of digital signals which have routed 
15 via the transmission channels in the third nneans, then 
delivering the digital signal thus combined from the 
receiving station, while when the monitor means recognizes 
that at least one of the transmission channels is failed, 
it is operative to deliver the second command to the 
20 second selector means to make the band-compressed digital 
signal route from the first means to the c[ number of 
signal transmission channels and to deliver the first 
command to the first selector means, thereby to select the 
band-compressed digital signl routing from each of the 
25 non-failed transmission channels in the first selector 
means, then delivering the band-compressed signal thus 
selected from the receiving station. 
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The transmitting station may include a branch 
" circuit for branching the received digital signal into the 
first means and the second means. 

The first means may be comprised of a band 
5 compression circuit and second means may be comprised of a 
converter for converting an input signal to an a number of 
outputs. The channel monitor means may be comprised of a 
logic circuit responsive to status signals from the n 
number of signal transmission channels to produce the 
10 first and second commands . 

Each of the first and second selector means may 
be comprised of a switchover circuit. 

The. radio communication system may further 
comprise an additional signal transmission channel for 
15 routing of the second command to the second selector means 
in a direction opposite to that of each digital signal 
routing via the signal transmission channels, when the 
channel monitor means is provided at the receiving station. 
When the transmitting station includes a branch 
20 circuit for branching of an analog signal into the first 
and second means, each of the first and second means may 
be further provided at its initial stage with an analog- 
to-digital converter for deriving the digital signal. 

Each of the first selector means and the third 
25 means may be provided at its final stage with a digital- 
to-analog converter. 
Brief Description of the Drawings 
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The features and advantages of a radio 
communication system according to the present invention 
will become more apparent from the following description 
taken in conjunction with the accompanying drawings / in 
5 which: 

Pig. 1 is a block diagraia illustrating a circuit 
configuration based on a conventional radio relay system 
provided with a spare channel; and 

Pig. 2 is a block diagram illustrating a circuit 
10 configuration of an embodiment of a radio communication 
system according to the present invention. 
Detailed Description of Preferred Embodiment 

A preferred embodiment of a radio communication 
system according to the present invention will be de- 
15 scribed with reference to attached drawings. 

Referring to Pig. 2, there is shown an embodiment 
of the coHffliunication system according to the present 
invention. 

In this communication system, circuit components 
20 designated by reference numerals 1, 2, 11, 12, 21, 22; 23, 
30 and 40 are substantially identical to those designated 
by the same reference numerals shown in Fig. 1 and there- 
fore their explanation will be omitted. 

The transmitting station 30 comprises circuitry 3 
25 including at its initial stage an analog-to-digital (A/D) 
converter and band compression circuit for implementing a 
band compression to digital signal in a manner that its 
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transmission speed is reduced to one-half, a branch 

circuit 4 for distributing the digital signal from the 

circuitry 3 to two switch circuits referred to soon, an 

analog-to-digital (A/D) converter circuit 5, a converter 

5 circuit 5 for converting the digital signal fr©m the A/D 

converter circuit 5 into two digital signals each having a 

one-half of transmission speed, and switch circuits 7 and 

8 for effecting signal switching. The communication 

system further comprises a transmission channel 13 for 

10 routing of a signal in a direction opposite to that of a 

signal flowing through each of the transmission channels 

12 and 13. The receiving station 40 comprises a branch 

circuit 24 for branching of a signal routing through the 

transmission channel 11 to two circuits referred to soon, 

15 a branch circuit 27 for branching of a signal routing 

through the transmission channel 12 to the last-mentioned 

two circuits, a switch circuit 25 for effecting signal 

switching, circuitry 26 including a digital- to- analog 

(D/A) converter and a circuit relevant to a band com- 

20 press ion, a converter circuit 28 for converting two data 

signals into a single data signal, and a digital- to-anaiog 

(D/A) converter circuit 29. Reference numerals f^j^, t^^ 

and f denote command signals output ted from the channel 
s3 

monitor 22 comprised of the logic circuit to the respec- 
25 tive switch circuits 25, 23, and 7 and 3, respectively. 
The command signal t^^ is linked to the circuits 7 and 8 
via the transmission channel 13. 
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First, in the case where both the regular and 
spare channels are in normal conditions and therefore a 
signal is transmitted by using both the channels without 
implementing band compression, a signal flows via the 
5 following rout^. 

An incoming signal passes through the input 
terminal 1, the branch circuit 2 and the A/D converter 
circuit 5 and then branches into two signals through the 
converter circuit 6. One of the branch signals passes 
10 through the switch circuit 7 (transferred under the 

control of coHimand signal f--^) r the transmission channel 
11, and the branch circuit 24 to reach the converter 
circuit 28. The other signal passes through the switch 
circuit 8 (transferred under the control of command signal 
IS f / tti® transmission channel 12, and the branch 

circuit 27 to reach the converter circuit 28. In the 
converter circuit 28, two data signals are converted into 
a single data signal to reach the output terminal 21 via 
the D/A converter circuit 29 and the switch circuit 23. 
20 In this case, the signal transmission is such 

that an incoming signal is converted into two signals each 
having one half of transmission speed without implementing 
band compression to the incoming signal to allow the two 
signals to pass through two transmission channels, 
25 respectively, thereafter rearranging the two signals into 
a single signal. Thus, this makes it possible to transmit 
a signal having a higher quality as compared to that of 
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the signal transmission effected with a single transmis- 
sion channel. 

On the contrary, in the case where a transmission 
of a signal subject to band compression is effected, a 
5 signal, flows via the following route. 

An incoming signal passes through the input 
terminal 1, the branch circuit 2, and A/D converter and 
band compression circuit 3 to reach the branch circuit 4 
for branching into two signals. One of branch signals 
10 passes through the switch circuit 7, the transmission 

channel 11, and the branch circuit 24 to reach the switch 
circuit 25. The other branch signal passes through the 
switch circuit 8, the transmission channel 12 and the 
branch circuit 27 to reach the switch circuit 25. In this 
15 switch circuit 25, a signal transmitted through either 
route is selected. The signal thus selected passes 
through the D/A converter and band compression relevant 
circuit 26, and the switch circuit 23 to reach the output 
terminal 21. Accordingly, when a band compressive trans- 
20 mission is effected, only one of the two transmission 
routes contributes to a signal transmission. That is, 
because a band compression is implemented to a signal to 
be transmitted, it is possible to complete the transmis- 
sion of the information of the incoming signal by using a 

25 single channel. 

Accordingly, in the event that there occurs a 
failure in either of the transmission routes 11 and 12, 
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the' channel monitor 22 comprised of the logic circuit 
becomes operative in response to monitor signals f^^^ and 

to produce command signals f^^, f^^ ^^i^ ^^r 
switching the switch circuits 23, 25, 7 and 8, respective- 
5 ly. Thus,, a signal subject to band compression is trans- 
mitted via a transmission channel placed in a normal 
condition which is either of the transmission channels 12 
and 11. 

In the abovementioned embodiment, the communica- 
10 tion system provided with one regular channel and one 
spare channel has been described. However, the present 
invention is not limited to this embodiment. It will be 
seen that the present invention is applicable to the 
system provided with an m number of regular channels 
15 (m > 2) and a £ number of spare channels (p >^ 1) . 

For better understanding of the band compression, 
data transmission speed conversion and channel switching, 
reference should be made, for example , to "Transmission 
Systems for Communications" (Fifth edition, 1982) by 
20 Members of the Technical Staff, Bell Laboratories, "Data 
Transmission" by William Bennett et al. Bell Telephone 
Laboratories, {particularly, definition of serial trans- 
mission and parallel transmission at page 20, serial- to- 
parallel and parallel-to-serial conversion at page 201, an 
25 example of ser ial- to-parallel conversion at page 202, Fig^ 
10.1, and an example of parallel- to-ser ial conversion at 
page 203, Fig. 10.3), and "Microwave Communication" edited 
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by S, Yonezawa et al, 1963. 

Further/ in the abovementioned embodiment, it has 
been described that a signal which is inputted to the 
transmitting station and outputted from the receiving 
5 station has an analog form. However, as long as a band 
compression can be implemented to an input signal, the 
present invention is clearly applicable to the case where 
a signal to be inputted and outputted has a digital form. 
As described above, the radio communication 
10 system according to the present invention makes it 
possible to transmit a signal having high quality by 
making use of not only a regular channel but also a spare 
channel when both the regular channel and the spare 
channel are in normal conditions and the spare channel 
15 serves as an idle channel, and makes it possible to 

transmit a signal to which band compression is implemented 
via a non-failed channel which is either of the regular 
and spare channels, thus maintaining a function primarily 
rendered as a spare channel. 
20 Namely, the radio communication system according 

to the present invention is advantageous in that it is 
possible to effectively utilize a spare channel for a 
signal transmission of high quality while maintaining the 
essential role of the spare channel. 
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Claims: 

1. A radio communication system comprising: 

2 a transmitting station for receiving an input 

3 digital signal and transmissiqn thereof an4 a receiving 

4 station for receiving a transmitted signal and delivery 

5 thereof; 

6 first and second transmission channels for link- 

7 ing said tremsmitting and receiving stations; 

8 band compression means,, provided at said trans- 

9 mitting station, for compressing by half the transmission 
10 speed of the digital signal; 

1]^ converter means ^ provided at said transmitting 

12 station, for converting the input digital signal into two 

13 digital signals being each halved in transmission speed; and 

14 switching means responsive to status of said 

15 first and second transmission channels to effect switch- 

16 over between a first transmission mode for transmission of 

17 the output of said band compression means and a second 

18 transmission mode for transmission of the outputs of said 

19 converter means. 

2. A radio communication system as set forth in 

2 claim 1, which further comprises band compression related 

3 means, provided in said receiving station, for reproducing 

4 the input digital signal from the output of said band 

5 compression means* 
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3. A radio communication system as set forth in 

2 plaim.l or 2, vteeinsaid switching means selects said first 

3 transmission mode when one of said transmission channels 

4 is in an abnormal condition and said second transmission 

5 mode when both said transmission channels are in normal 

6 conditions . 

4. A radio communication system comprising: 

2 transmitting and receiving station (30, 40) for 

3 digital signals; 

4 an n number of transmission channels (11, 12) 

5 linking said stations (n is a positive integer equal to or 

6 more than two), said transmission channels being assigned 

7 to at least one regular channel and one spare channel; 

8 channel monitor means (22) for monitoring whether 

9 at least one of said transmission channels is failed or 

10 not ; 

11 first selector means (25) provided at said 

12 receiving station and responsive to a first command from 

13 said channel monitor means to select digital signal 

14 routing via each of non-failed transmission channels; 

15 first means (3) provided at said transmitting 

16 station to implement a band compression to said digital 

17 information received in said transmitting station in a 
13 manner that its transmission speed is reduced to one 

19 o-th (2 <^q _< n) ; 

20 second means f6) provided at said transmitting 
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21 station to convert said received digital signal into the £ 
» 

22 number of digital signals each having one a-th of the 

23 transmission speed; 

24 second selector means {7, 8) provided at said 

25 transmitting station and responsive to a second command 

26 ^^s3^ from said channel monitor means to effect 

27 selective operation for making said a number of digital 

28 signals route from said second means to said respective 

29 transmission channels or for making the band-compression 

30 digital information from said first means route to said 

31 respective transmission channels / and 

32 third means (28) provided at said receiving 

33 station to combine together respective digital signals 

34 which have routed via said respective transmission 

35 channels; 

36 whereby when said channel monitor means recog- 

37 nizes that any one of said transmission channels is not 

38 failed, it is operative to deliver said second command to 

39 said second selector means to make said number of digit- 

40 al signal route to said transmission channels, thereby to 

41 combine together said g[ number of digital signals which 

42 have routed via said transmission channels in said third 
4 3 means, then delivering the digital information thus 

44 combined from said receiving station, while when said 

45 monitor means recognizes that at least one of said trans- 

46 mission channels is failed, it is operative to deliver 

47 said second command to said second selector means to make 
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48 the band-compressed digital signal route from said first 

49 means to said respective transmission channels and to 

50 deliver said first command to said first selector means, 

51 thereby to select the band-compressed digital signal 

52 routing from each of the non-failed transmission channels 

53 in said first selector means, thus delivering each of the 

54 band-compressd signals thus selected from said receiving 

55 station. 

5. A radio communication system as set forth in 

2 claim 4, wherein said transmitting station includes a 

3 branch circuit for branching of said received digital 

4 signal into said first means and said second means. 

6. A radio communication system as set forth in 

2 claim 4 or 5, \*erein said first means compr ises a band 

3 compression circuit and second means is comprised of a 

4 converter for converting an input signal to a 3. number of 

5 outputs . 

7. A radio communication system as set forth in any of 

2 claims 4 to 6, vdierein said channel monitor means is comprised 

3 of a logic circuit responsive to status signals from said 

4 respective transmission channels to produce said first and 

5 second commands . 



8. 



A radio communication system as set forth in any of 
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2 claims i to 7, vterein each of said first and second selector 

• * 

3 means is comprised of a switchover circuit. 

^- A radio communication system as set for thin any of 

2 clainfi 4 to 8, which further comprises a signal .transmission 

3 channel for making said second command route to said 

4 second selector means in a direction opposite to that of 

5 each digital signal routing via said transmission 

6 channels^ when said channel monitor means is provided at 

7 said receiving station. 



10* A radio communication system as set forth in any of 

2 claiins 4 to 9, whereon vd^en said transmitting station includes a 

3 branch circuit for branching of analog signal into said 

4 first and second means ^ each of said first and second 

5 means is further provided at its initial stage with an 

6 analog-to--digital converter for deriving said digital 

7 signal. 

1''-. A radio communication system as set forth in any of 

2 claims 4 to 10,v*erein eac±. of said first selector means and 

3 said third means is provided at its final stage with a 

4 digital- to- analog converter. 
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@ Radio communication system. 

@ A radio communication system comprises transmitting 
and receiving stations (30, 40) a plurality of transmission 
channels comprising regular and spare channels (n» 12) 
linking the stations, and a channel monitor (22) for monitor- 
ing the status of the respective channels. When the respec- 
tive transmission channels are in normal conditions, data 
signal is transmitted by making use of not only the regular 
channel (11) but also the spare channel (12). On the other 
hand, when a failure of any one of the transmission channels 
is detected by the channel monitor^ data signal subject to 
band compression is transmitted via the non-failed channel. 
The communication system thus configured makes it possi- 
ble to effectively utilize a spare channel for effecting high 
quality signal transmission, while maintaining the essential 
function of the spare channel, thus providing an improved 
Utilization of transmission channel. 
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